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The ca rbon iza t ion  o f  coa l  g ives  r i s e  t o  a complex mixture  of hun- 
dreds of chemical compounds. Nost of t hese  compounds f a l l  i n t o  one of 
t h r e e  groups: hydrocarbons, ac ids ,  and bases .  The coa l  t a r  bases  a r e  
n i t rogen  compounds. The n i t r o g e n  atom is  i n  the  r i n g ,  as i n  pyr id ine ,  
o r  i t  is a t t a c h e d  t o  t h e  r ing  a s  i n  a n i l i n e .  O f  t h e  l a r g e  number of 
compounds t h a t  a r e  inc luded  i n  the  ca t egory  of coal t a r  bases ,  on ly  
py r id ine  and i t s  s impler  homologs a r e  cons ide red  i n  t h i s  p re sen ta t ion .  

Narra t ing  t h e  a c t u a l  u ses  t o  w h i c h  py r id ines  a r e  put  would be one 
way of d i scuss ing  t h e  u t i l i z a t i o n  of coa l  t a r  bases.  Perhaps a more 
s t i m u l a t i n g  approach is t h e  one adopted he re in ,  t h a t  i s ,  a p re sen ta -  
t i o n  of a n  o u t l i n e  of some chemical r e a c t i o n s  of py r id ines  which a r e  
involved i n  t h e i r  u t i l i z a t i o n .  

Qua te rn iza t ion .  Pyri dine and the  a l k y l p y r i  d ines  r e a c t  wi th  a l k y l  
h a l i d e s ,  ac id  c h l o r i d e s ,  and wi th  alicyl or a r y l  s u l f o n i c  e s t e r s  to form 
pyridinium s a l t s .  The r a t e  of q u a t e r n i z a t i o n  i s  in f luenced  by t h e  na- 
t u r e  and p o s i t i o n  o f  the s u b s t i t u e n t s  on t h e  p y r i d i n e  r ing .  Methyl 

rou s ad jacen t  to  the  n i t r o g e n  decrease  t h e  r a t e  o f  q u a t e r n i z a t i o n  
91273 . 
2-pico l ine)  2,!t-luti d ine )  2 ,6 - lu t id ine .  A method of p u r i f y i n g  2,6- . 
i u t i d i n e  from such contaminants as  3 -p ico l ine  and 4-p ico l ine , .  is based 
on t he  fact  t h a t  2 ,6 - lu t id ine  qua te rn izes  much more s lowly  than  do t h e  
p i c o l i n e s .  The presence  o f  a carboxyl group on t h e  py r id ine  r i n g  
g r e a t l y  r e t a r d s  t h e  r a t e  o f  q u a t e r n i z a t i o n .  On t h e  o t h e r  hand, t he  
e s t e r s  of py r id ine  ca rboxy l i c  a c i d s  a r e  qua te rn ized  r a t h e r  smoothly 

Pyri dyl-pyridinium s a l t s  wherein t h e  n i t r o g e n  atom of a p y r i d i n e  
nuc leus  is connected to a carbon atom a t  t h e  2-, 3-, o r  4- p o s i t i o n  
of a second pyr id ine  molecule a r e  known. N-pyridyl-4-pyridinium d i -  
c h l o r i d e ,  made by t h e  r e a c t i o n  of t h iony l  c h l o r i d e  upon pyr id ine  (87 )  
( 2 1 ) ( 1 1 ) ,  had been u t i l i z e d  i n  the  p r e p a r a t i o n  of 4- s u b s t i t u t e d  pyr i -  
d ines  (75). The recent  c o n t r i b u t i o n s  to  t h e  chemis t ry  of pyridine-N- 
oxide  have made N-pyridyl-4-pyri dinium d i c h l o r i d e  of l e s s  importance 
i n  t h e  p r e p a r a t i v e  methods (30). 

2-Vinylpyri d ine  r e a c t s  w i th  pyri d ine  hydrochlor ide  t o  g i v e  an a l -  
nos t  q u a n t i t a t i v e  y ie ld  of 2-pyridylethylpyriainium c h l o r i d e .  The r e -  
a c t i o n  fs a general  one, s i m i l a r  qua te rna ry  compounds a r e  formed w i t h  
pyr i  dine th iocyana te ,  w i t h  q u i n o l i n e  hydrochlor i  de, e t c .  4-Vinylpyrf - 
dine  r e a c t s  i n  l i k e  manner (35). 

Quaternary s a l t s  of pyr id ine ,  of a l k y l p y r i d i n e s ,  as we l l  as of 
o t h e r  py r id ine  compounds may be ox id ized  by potassium f e r r i c y a n i d e  t o  
1- s u b s t i t u t e d  2-pyridones (123) .  The n a t u r e  of t h e  s u b s t i t u e n t  i n  
t h e  3- p o s i t i o n  of  a pyridinium s a l t  de te rmines  whether f e r r i c y a n i d e  
o x i d a t i o n  g ives  a 2-pyri done or a b-pyridone. I f  t h e  3- p o s i t i o n  is 
occupied by phenyl, 3 -pyr idyl ,  carboxy, or carboxy e t h y l ,  b-pyridones 
a r e  formed. If t h e  s u b s t i t u e n t  is bromine, methyl,  or e t h y l ,  t h e  oxi- 
d a t i o n  occurs mainly a t  the  2- pos i t i on .  3-Cyanopyri d ine  methyl 

The tendency to  q u a t e r n i z e  decreases  i n  t h e  o rde r  4-p ico l ine)  

(118) .  
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i od ide  appeared t o  form bo th  2-, and 6-pyridones (22)(141). A more 
r e c e n t  s t u d y  of  t h e  f e r r i c y a n i d e  ox ida t ion  of t he  qua ternary  of 1- 
phenylethyl-3-cyanopyridine does not  confirm the presence of a b- 
pyridone (144) .  

k a l i n e  potassium f e r r f  cyanide t o  4-carboxy-N-methyl-2-pyri done i n  
y i e l d s  up t o  96% ( 5 5 ) .  

dine  and subsequent ly  t r e a t i n g  the r e s u l t i n g  compound w i t h  d i l u t e  
c a u s t i c  g ive  1- s u b s t i t u t e d  5-alkyl-2-pyri  dones (14). 
These compounds a r e  important  i n  t h e  p repa ra t ion  of 2- and 4- s u b s t i -  
t u t e d  pyr id ines .  

Oxidat ion.  The i n e r t n e s s  o f  py r id ine  towards ox id iz ing  agents  is 
one of its outs tanding  c h a r a c t e r i s t i c s .  Py r id ine  is n o t  a t t a c k e d  by 
fuming n i t r i c  a c i d  nor by chromic ac id ,  and even potassium permanga- 
n a t e  has but  l i t t l e  e f f e c t  on i t .  

I n  s p i t e  of i ts r e s i s t a n c e  to  ox ida t ion ,  py r id ine  may be oxidized 
q u i t e  r ead i  l y  to  py r i  d i  ne-N-oxide. The r e a c t i o n  is u s u a l l y  c a r r i e d  
out  w i th  a mixture o f  hydrogen peroxide and a c e t i c  a c i d  (67)(113)(115 ). 
The formation of t h e  N-oxide l i nkage  is a f a i r l y  genera l  behavior  of 
compounds conta in ing  t h e  py r id ine  nucleus.  Alkylpyr id ines  form pyri- 
dine-N-oxides; so do a lkano lpyr id ines  ( 3 1 ) ( 1 7 ) ;  and a c e t y l w r i d i n e s  
(82 ) (129) .  N i c o t i n i c  a c i d ,  i s o n i c o t i n i c  ac id ,  and p i c o l i n i c  a c i d s  
i v e  t h e  corresponding N-oxides ( 4 3 ) ( 5 9 ) ( 1 0 ) ,  and so do t h e i r  e s t e r s  9 82)(18), but 2 ,5-pyr id ine  d i ca rboxy l i c  a c i d  is not ox id i zed  t o  the  N- 

oxide  wh i l e  i t s  dimethyl  e s t e r  is (118). The pyr id ine  carboxamides 
a l s o  form N-oxides i n  t h e  usual manner (57). 
formed i n  good y i e l d s  (31, and so a r e  3-bromopyridine-i\l-oxide and 3,s- 
dibromopyridine-N-oxide (57) .  2-, 3-, and 4-pyridine s u l f o n i c  a c i d s  
a r e  r e s i s t a n t  t o  o x i d a t i o n  by hydrogen peroxide and a c e t i c  ac id .  How- 
eve r ,  t h e  sodium s a l t s  are r e a d i l y  conver ted  to  t h e  corresponding N- 
oxides (47). 

i n  c o n t r a s t  t o  t he  s t a b i l i t y  of py r id ine ,  t h e  a lky lpyr id ines  a r e  
a t t a c k e d  by a v a r i e t y  o f  ox id i z ing  agents .  The ox5dZdon of t h e  pico- 
l i n e s ,  e s p e c i a l l y  of the 3- and 4- isomers, t o  t h e  corresponding pyri- 
d ine  ca rboxy l i c  acids is one of t h e i r  commercially more important re- 
a c t  ions.  

Potassium permanganate is used t o  conver t  the  p i c o l i n e s  t o  pyr i -  
d ine  carboxyl ic  a c i d s  (15 ) (98 ) (139) .  I t  is  a l so  use fu l  i n  prepar ing  
2-aminopyridine ca rboxy l i c  a c i d s  from 2-aminopicoline (53) and 4-amino- 
n i c o t i n i c  a c i d  from !,+-amino-3-picoline ( 1 4 2 ) .  Potasslum permanganate 
may be used  t o  o x i d i z e  s e l e c t i v e l y  a py r id ine  compound having more than  
one ox id izab le  group. An a l k y l  group i n  t h e  3- p o s i t i o n  is more 
r e a d i l y  ox id i zed  than  i s  one i n  the  4- pos i t i on .  3,4,5-Trimethylpyri-  
d ine  oxid ized  wi th  a 2% aqueous KMnO, g ives  4 , 5 - d i m e t h ~ l n i c o t i n i c  a c i d  
and 4-me t hy 1 n i  co ti n i c  a c i d  . 3,5- D i m e  thy1 -4- butyl  pyri dine f Orms 4- 
buty l -5-methyln ico t in ic  a c i d  and 4-buty l  d i n i c o t i n i c  a c i d  (148). 

d i n e  by KNnO, o x i d a t i o n  a t  0' t o  5* C. (42); 4 ,5-d ie thyl  p i c o l i n i c  
a c i d  from 2-styryl-4,5-diethylpyridine ( 9 1 ) ;  4-isopropyl-5-ethyl  pico- 
1 i n i  c ac  i d from 2- s t y r y  1 -4- i s o p r  o py 1 -5- e t  hy 1 pyr i d i  ne ( 122 . Treatment 
of  2 - s ty ry lpy r i  d ine  a t  200' C. w i th  selenium dioxide g ives  l-phenyl-2- 
( 2-pyr i d y l  -1,2-ethane dione ( 24). 

Nitric ac id  is an impor tan t  commercial ox id i z ing  ac id .  The pico- 
i i n e s  r e s i s t  o x i d a t i o n  by n i t r i c  ac id .  Even a t  i t s  bo i l ing  poin t  
n i t r i c  a c i d  does not o x i d i z e  3 -p ico l ine  (121) .  Nitric a c i d  a t  a tem- 
p e r a t u r e  of  about  230' C. and about 35 atms p res su re  ox id izes  3- 

Methyl iod ides  of i s o n i c o t f n i c  a c i d  esters a r e  oxid ized  w i t h  a l -  

5-Alkyi-2-picolinium s a l t s  upon ox ida t ion  wi th  iod ine  and p y r i -  

The pyridine-N-oxides a l s o  form qua te rna ry  compounds (82)(49). 

2-Bromopyridf ne-N-0x1 de and 2-bromo-6-methylpyri dine-N-oxide are 

4-Methyl p i c o l i n i c  a c i d  can be made from 2-styryl-4-methylpyri-  
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p i c o l i n e  t o  n i c o t i n i c  a c i d  (5WG y i e l d )  and 4 -p ico l ine  t o  i s o n i c o t i n i c  
a c i d  (90% y i e l d l ( l 3 ) .  

A mixtur-e of n i t r i c  a c i d  and s u l f u r i c  ac id  or phosphoric a c i d  
g ives  good y i e l d s  of py r id ine  ca rboxy l i c  a c i d s  from p i c o l i n e s .  The 
r e a c t i o n  proceeds a t  a tmospher ic  p re s su res  (39) .  

S u l f u r i c  ac id ,  w i th  selenium a s  a c a t a l y s t ,  may a l s o  be used  t o  
o x i d i z e  p i co l ines  t o  py r id ine  ca rboxy l i c  a c i d s  (155). The o x i d a t i o n  
of 2 ,4 - lu t id ine  wi th  s u l f u r i c  a c i d  p lus  se len ium g i v e s  29% of 2,4- 
p y r i d i n e  d i ca rboxy l i c  acid and 18% of 2-rne thyl i sonico t in ic  a c i d  (116). 

Pyr id ine  ca rboxy l i c  a c i d s  can be produced by t h e  c a t a l y t i c  vapor 
phase a i r  o x i d a t i o n  of p i c o l i n e s  (37) .  The p o s i t i o n  of t h e  methyl 
group determines t h e  ease o f  ox ida t ion ;  t h e  methyl group i n  t h e  3- 
p o s i t i o n  is t h e  most r e s i s t a n t  t o  o x i d a t i o n  (36) .  

Vapor phase o x i d a t i o n  of p i c s l i n e s  w i t h  a i r  i n  t h e  presence  of 
ammonia or an  amine y i e l d s  cyanopyr id ines .  This method of  malting 
cyanopyridines was f i r s t  observed i n  the  vapor phase o x i d a t i o n  O f  
n i c o t i n e  wherein 3-cyanopyridine was made (38).  3 -P ico l ine  is Con- 
v e r t e d  t o  3-cyanopyridine by o x i d a t i o n  w i t h  s u l f u r  i n  t h e  p re sence  
of  ammonia (143). 

Recent s t u d i e s  on t h e  Oxida t ion  o f  p i c o l i n e s  w i t h  se len ium d i -  
ox ide  show t h e  e a s e  o f  o x i d a t i o n  to be 4-p ico l ine)  2-p ico l ine)  3- 
p ico l ine .  I n  f a c t ,  3 -p ico l ine  is  not  a f f e c t e d  by SeO, and hence is 
u s e d  a s  a s o l v e n t  f o r  ca r ry ing  out t h e  o x i d a t i o n  of t h e  o t h e r  pfco- 
l i n e s .  2,5-Luti d ine  g i v e s  79% of 3-methyl p i c o l i n i c  a c i d .  2,4- 
L u t i d i n e  g ives  a mixture  of 2-methyl i s o n i c o t i n i c  a c i d  (&?) and 2,4- 
pyr id ine  d icarboxyl ic  a c i d  ( 7 6 ) .  

of  2 -p ico l ine  wi th  gaseous oxygen i n  t h e  presence of a copper s a l t  of 
a f a t t y  ac id  ( b 5 ) ;  s i m i l a r l y  isocinchomeronic a c i d  was made from a l -  
dehyde c o l l i d i n e  and i s o n i c o t i n i c  ac id  from 4 -p ico l ine  (134) .  

3-Picoline has been o x i a i z e d  e l e c t r o l y t i c a l l y  t o  n i c o t i n i c  a c i d  
( 8 9 ) .  

Alkylpyr id i  nes may be ox id ized  t o  the  corresponding aldehydes by 
vapor phase o x i d a t i o n  i n  t h e  presence  of a l a r g e  excess of water vapor. 
2 -P ico l ine  g ives  2-2yri dine aldehyde (106); 2 , b l u t i d i n e  may i v e  b- 
methyl2-pyridine aldehyde, 2 ,6-pyr id ine  d i a l  dehyde (107)  and g -ca rborp  
2-pyr id ine  aldehyde (103) ;  3 ,5 - lu t id ine  forms 5-methyl-3-pyridine a l -  
dehyde (103). 

dine  aldehyde by means of  selenium d iox ide  ( 9 9 ) ( b 6 ) ( 2 0 ) .  

hyde involve the  o x i d a t i o n  of py r idy l  c a r b i n o l s  w i th  manganese d i -  
ox ide  (b4) ,  selenium dioxide  ( 7 7 ) ,  or l e a d  t e t r a c e t a t e  (111) .  2,b- 
bis-Hydroxymethylpyri d i  ne is ox id ized  by SeO, t o  2-hydroxymethyl-6- 
py r id ine  a1 dehyde ( 104) .  The 3-pyr i dy la l  dehyde has been  prepared  by  
vapor phase o x i d a t i o n  of 3-pyr idyl  c a r b i n o l  (b9 ) .  

3-Pyri  dine aldehyde, 4-pyri  dine aldehyde, and 6-methyl-3-pyri dine 
aicehyde were prepared  i n  good y i e l d  by reducing  3-cyanopyri d i  ne ,  4- 
cyanopyri dine,  and 6-methyl-3-cyanopyridi ne w i t h  semi-carbaz ide  hydro- 
c h l o r i d e  and Raney h i c k e l ,  and l i b e r a t i n g  t h e  aldehyde from t h e  re -  
s u l t i n g  aldehyde semicarbazone by a c i d  hydro lys i s  i n  t h e  presence  of 
meta n i t robenza ldehyde  (50) .  
a l s o  been made by t h e  r educ t ion  of 3-cyanopyridine w i t h  NaHAi(0Et)S 

py r id ine  (k52);  2-pyr id ine  aldenyde by t h e  ozon iza t ion  o f  2-vinyl- 
p y r i d i n e  (25). 

P i c o l i n i c  a c i d  has  been prepared  by t h e  l i q u i d  phase o x i d a t i o n  

I t  has been r e p o r t e d  t h a t  2 -p i co l ine  may be ox id ized  t o  2-pyri-  

Useful l a b o r a t o r y  methods f o r  t h e  p r e p a r a t i o n  of p y r i d i n e  a lde-  

j - w r i d i n e  a ldehyde  i n  83% y f e i a  has 

( 7 3 ) .  
l son ico t ina ldehyde  has been made by t h e  ozonization of 4-styryl- 

Hydrogenation. In  c o n t r a s t  t o  i t s  i n e r t n e s s  towards ox ida t ion ,  
p y r i d i n e  is r a t h e r  e a s i l y  hydrogenated. The complete r e d u c t i o n  of 

\ 

.. 
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p y r i d i n e  t o  p i p e r i d i n e ,  i.e. i t s  hexahydro d e r i v a t i v e ,  is a commercial 
o p e r a t i o n  of many yea r s  s t and ing .  

Nickel c a t a l y s t s ,  e s p e c i a l l y  Raney Nicke l ,  a r e  s u i t a b l e  f o r  t h e  forma- 
t i o n  of p i p e r i d i n e  ( 5 ) .  To avoid hydrogenolys is  w i t h  t h e  format ion  of 
h i  h -boi l ing  by-products ,  the tempera ture  is k e p t  as low a s  poss ib l e  
(78). The a l k y l p y r i d i n e s  are r e a d i l y  reduced by hydrogen (Raney Nickel 
c a t a l y s t  1 t o  t h e  cor responding  alkylhexahydropyri  dines  (5)  (130)( 80)  

Platinum oxide  is a u s e f u l  c a t a l y s t  f o r  t h e  l abora to ry  hydrogena- 
t i o n  of py r id ines .  Pyri dine poisons platinum oxide c a t a l y s t .  However, 
t h e  hydrogenation of p y r i d i n e  hydrochlor ide ,  o r  of qua te rna ry  s a l t s  of 
p y r i d i n e  proceeds v e r y  w e l l  (61). 
t h e  base i tself  may be due to  t h e  f r e e  e l e c t r o n s  on t h e  n i t rogen .  
Through these  e l e c t r o n s  the pyr id ine  forms a compound w i t h  the c a t a l y s t  
t h e r e b y  withdrawing t h e  platinum from its r o l e  of a c a t a l y s t .  I n  t h e  
qua te rna ry  s a l t s ,  t h e  p y r i d i n e  e l e c t r o n s  a r e  t i e d  up, t he reby  permit- 
t i n g  t h e  hydrogenation t o  proceed many times f a s t e r  than  if  f r e e  pyri- 
d ine  were used (108 ) .  The pyr id ine  when d i s so lved  i n  a c e t i c  a c i d  can 
be hydrogenated w i t h  p la t inum oxide  (54). 

P i p e r i d i n e  manufactured by the e l e c t r o l y t i c  r educ t ion  of pyri d ine  
con ta ins  s u b s t a n t i  a1 q u a n t i t i e s  of t e t r a h y d r o p y r i d i n e ;  t h e  p i p e r i d i n e  
proctuced by hydrogenat ion  over  Raney Nickel c o n t a i n s  no apprec i ab le  
amount of  t he  1 ,2 ,5 ,6 - t e t r ahydropyr i  d ine  (45). E l e c t r o l y t i c  r educ t ion  
of 2-ne thylpyr i  dine g i v e s  2-methylpiperi  dine and 2l+.& of  2-metkyl- 
1 2 ,3 ,6- te t rahydropyr  i di ne; 3-me t h y l  pyr i dine g ives  +methyl -1,2,5 , 6- 
t e t r ahydropyr i  dine i n  a d d i t i o n  t o  3-methylp iper id ine ;  and &-methyl- 
p y r i d i n e  gives  4-methylpiperi  d ine  and  4-methyl-1,2,3,6-tetrahydropyri- 
dine (51 ). The e l e c t r o l y t i c  r educ t ion  of  qua te rna ry  pyridinium sa l t s  
g ives  t h e  same t y p e s  of products  so f a r  as the p o s i t i o n  of t h e  double 
bond i s  concerned (52). 

used t o  reduce py r id ine  t o  p i p e r i d i n e  (102) .  This r e a c t i o n  was d i s -  
cussed  i n  1884 by Ladenburg (90).  I t  is important t h a t  the a lcoho l  
be dry. I f  95% e thano l  is used,  l i t t l e  o r  n o  p i p e r i d i n e  is produced 
bu t  i n s t e a d  t h e  p y r i d i n e  r i n g  is rup tu red  and ammonia evolved (136) 
( 1 3 7 ) .  
g ives  i n  a d d i t i o n  t o  3-methylp iper i  dine,  28.4% of 3-methyl-1,2,5,6- 
t e t  r ahy d r  o pyr i d ine  ; 4-me thyl pyr i di ne s g i  v e s  G% o f  4-me t h y l  - 1 , 2,3,6- 
t e t r a h y d r o p y r i  dine i n  a d d i t i o n  t o  4-rxethylpiperidine (51 ). A number 
of l p a l k y l p f p e r i d i  nes were prepared  from 4-a lkylpyr i  d i n e s  by r educ t ion  
wi th  sodium and bu tano l  fo l lowed by hydrogenation w i t h  hydrogen i n  the 
presence  of palladium. The sodium-butanol r educ t ion  gave mainly t h e  
t e t r ahydropyr id ine  which was conve r t ed  t o  t h e  p i p e r i d i n e  by hydrogen 
(149) .  

LiAlH,  r educ t ion  of q u a t e r n a r y  s a l t s  of a l k y l p y r i d i n e s  g i v e s  only  t h e  
t e t r a h y d r o p y r i  d ines  (51 1. 
L i  A i  H, to the co r  r es p nd i  ng hydro xyme t h y l  pyr i d i  nes  ( 79 ) ( 112 ( 81 3 ; but 
t h e i r  q u a t e r n a r i e s  w i th  LiAlH,  g ive l-alkylhydroxymethyl-tetrahydro- 
p y r i d i n e s  (51). 

p h a t i c  a l coho l s  ( 1  t o  16 carbon atoms) g ives  t h e  Corresponding 1 -  
a l k y l p i p e r i d i n e  in y i e l d s  i n  excess  of 70% (133). 

Various c a t a l y s t s  a r e  Useful i n  reducing p y r i d i n e  w i t h  hydrogen. 

The slow r a t e  of hydrogenation of 

I n  t h e  l a b o r a t o r y ,  sodium and a b s o l u t e  a l coho l  a r e  f r e q u e n t l y  

Reducing 3-methylpyri dine w i t h  sodium and a b s o l u t e  butanol  

Reduction of p y r i a n e  w i t h  LiAlH, g ives  l92-d ihydropyrfd ine  ( 1 9 ) .  

Fyr id ine  c a r b o x y l i c  acid e s t e r s  a r e  reduced, i n  good y i e l d  by 

C a t z l y t f c  hydrogenat ion  ( N i  c a t a l y s t )  of py r id ine  i n  var ious a l i -  

Amination. Because of t h e  d i f f i c u l t y  of n i t r a t i n g  pyr id ine ,  t h e  
usual methods for t he  s y n t h e s i s  of a romat ic  amines a r e  n o t  a v a i l a b l e  
f o r  t h e  p r e p a r a t i o n  of aminopyridines.  The n i t r a t i o n  of py r id ine  pro- 
ceeds on ly  under d r a s t i c  cond i t ions ,  fuming s u l f u r i c  a c i d  and  potassium 
n i t r a t e  plus a t empera tu re  i n  excess of 300" C.; the n i t r o  group e n t e r s  
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t h e  3- p o s i t i o n ;  the y i e l d  Is only 15% (a). When e s p e c i a l l y  high 
temperatures  a r e  used, t h e  n i t r o  group occupies  t h e  2- p o s i t i o n  ( 4 6 ) .  
Poly-alkylpyridines  a r e  somewhat e a s i e r  t o  n i t r a t e ,  the  r e a c t i o n  con- 
ditfons a r e  mi lde r ,  ana the  y i e l d s  a r e  b e t t e r  (120).  

whi le  py r id ine  i s  d i f f i c u l t  t o  n i t r a t e ,  pyridine-N-oxide fs 
r e a d i l y  n i t r a t e d ;  the n i t r o  group e n t e r s  t he  4- p o s i t i o n  (115) .  The 
n i t r a t i o n  can be c a r r i e d  o u t  a t  water-bath tempera tures  w i t h  a m i x t u r e  
of n i t r i c  and s u l f u r i c  a c i d s ;  t h e  y i e l d  is above 80% (83 ) .  The ease  
of n i t r a t i o n  extends t o  t h e  alkylpyridine-N-oxides and t o  var ious  de-  
r i v a t i v e s  of pyridine-N-oxide. 

The 4-nitropyridine-N-oxides a r e  r e a d i l y  reduced and deoxygenated 
t o  the corresponding 4-aminopyridines.  Various reducing agents  have 
been used, 2.g. i r o n  and a c e t i c  a c i d  (115), hydrogen w i t h  ,Raney 
Nickel  ( 4 1 ) ( 6 3 ) ,  hydrogen w i t h  pal ladium i n  a c e t i c  anhydride (48 ) .  4- 
Nit.ropyridine-N-oxides o f f e r  a good r o u t e  to 4-aminopyridines.  

P r io r  t o  the 4-nitropyridine-W-oxide approach t o  the s y n t h e s i s  
of 4-aminopyridine, i t  was prepared by t h e  Hofmann degrada t ion  o f  iso- 
nicot inamide (93 ) (114)  or from 4-pyridyl  p y r i d i n i u n  d i c h l o r i d e  and am- 
monium hydroxide ( 8 7 ) ( 6 ) .  The l a t t e r  method has a l s o  been used  for 
making 4-amino-j-oethylp;lriiine (44). 
nicot inamide ( 7 ) ;  i t  may a l s o  be prepared from 3-bromopyridine and 
aqueous ammonia i n  t h e  presence of copper s u l f a t e  ( 9 7 ) .  

t e r e s t i n g  and u s e f u l  r e a c t i o n  f o r  i-:troducing an amino group onto t h e  
2- p o s i t i o n  o f  t he  pyr id ine  nucleus.  He found t h a t  p y r i d i n e  r e a c t s  
w i t h  sodaiiide to  form 2-amino?yridine ( 9 2 ) .  The amino group goes a l -  
most e x c l u s i v e l y  i n t o  the 2- p o s i t i o n ,  o n l y  a t r a c e  of 4 - m i n o p y r i d i n e  
i s  formed; no 3-aminopyriaine i s  found. 

2-Aminopicolfnes may be prepared by r eac t ing  t h e  p i c o l i n e s  wi th  
sodamide (135).  I n  t h e  c a s e  of 3 - p i c o l i n e Y  the  two carbon atoms ad- 
j a c e n t  t o  t h e  n i t r o g e n  a r e  d f f f e r e n t  because of t h e i r  r e l a t i o n  to the 
3-methyl group. Soaanide g i v e s  two aminopicol ines  when i t  is  r e a c t e d  
wi th  3 -p ico l ine ,  t h a t  i s ,  2-amino-3-picoline and b-mino-3-picol ine;  
t h e  former predominates (34). 

Q r i d i n e  and 2-p ico l ine  have beer? aminated i n  t h e  a lpha  p o s i t i o n  
w i t h  a l k y l a n i n e s  by r e f l u x i n g  t h e  pyridine wi th  a s l i g h t  excess  of 
t h e  alkylamine and a s t o i c h i o m e t r i c  amount of sodium ( 8 8 ) .  

; ikylat ion.  There a r e  s e v e r a l  i n t e r e s t i n g  r e a c t i o n s  a v a i l a b l e  for 
t he  a k y l a t i o n  o f  t he  p y r i d i n e  r ing .  Arens and Wibaut found t h a t  an 
a l k y l  group may be in t roduced  onto t h e  k- p o s i t i o n  of pyr id ine  by t h e  
a c t i o n  of z i n c  d u s t  on a mixture  3 f  p:lridine, an  o r g a n i c  a c i d  anhydride 
and the c o r r e s p o n d h g  o r s a n i c  a c i d  ( 9 ) ( 5 b ) .  This r e a c t i o n i s  no t  ap- 
p l i c a b l e  t o  alpha s u b s t i t u t e d  pyridines; i t  car.r.ot be used t o  in t roduce  
an a lky l  group on to  t h e  4- p o s i t i o n  of 2-p ico l ine ,  2-aminopyridine, 
p i c o l i n i c  a c i d ,  nor of 2 -ch loropyr id ine  (153). The r e a c t i o n  proceeds 
i n  a "normal"manner w i t h  3 -p ico l ine  (1401. I ron  powder may be used 
i n  p l ace  of z inc  dus t  (1.54). 

A t  t he  R e i l l y  Labora tor ies  w e  found t h a t  pyr id ine  a s  w e l l .  a s  
a l k y l p y r i e i n e s  may be a l k y l a t e d  by t h e  u s e  of a l i p h a t i c  a c i d  s a l t s  o f  
t e t r a v a l e n t  l e a d  (128) .  By t h i s  means a l k y l  groups c o n t a i n i n g  one 
l e s s  carSon atom t h a n  the a c i d  r a d i c a l  of  t h e  l e a d  s a l t  a r e  produced; 
t h e  a lky l  group e n t e r s  b o t h  t h e  2- and the  4- p o s i t i o n s  i f  t h e y  a r e  
open. The r e a c t i o n  o f  3-hr tyfpyr id ine  w i  th l e a d  t e t r a - a c e t a t e  gives  
a mixture  of 3-butyl-2-methyLpyridine (i5%), 5-butyl-2-methylpyridine 
(5%)  , 3-butyl-2,6-di methyl pyri  dine ( 1.5% j , and 3-bUtyl-4-methylFyri- 
dine (5%) ( b 2 ) .  

Lithium a l k y l s  and phenyl l i t h i u m  a r e  used to  i n t r o a u c e  an a l k y l  
o r  phenyl group o n t o  the 2- p o s i t i o n  of py r id ine  (1561, of 3-p ico l ine  

The most convenient  method f o r  preparing 3-aminopyri dine i s  from 

I n  1914 the  Russian chemist ,  Chichfbabin,  discovered a most in- 
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( l ) ,  o f  3-aminopyridine and 3-methoxypyri dine ( 2 ) .  

I n  1936 Chichibabin d e s c r i b e d  the a l k y l a t i o n  of 2 -p ico l ine  and of 
&-pico l ine  by r e a c t i n g  t h e  p i c o l i n e s  w i t h  sodamide to form p ico ly l -  
sodiun: and r eac t ing  t h e  l a t t e r  compound w i t h  an  a lky l  h a l i d e  (29) .  The 
a c t i v i t y  of the hydrogen atoms i n  the  methyl groups of 2- and 4-pico- 
Line is asc r ibed  t o  t h e  a b i l i t y  of t h e s e  p i c o l i n e s  t o  take  p a r t  i n  
resonance with the  azomethine l i nkage  of t h e  py r id ine  r ing .  S ince  3- 
p i c o l i n e  cannot p a r t i c i p a t e  i n  such resonance, i t  was long be l i eved  
t h a t  3 -p ico l ine  could n o t  be a l k y l a t e d  by t h e  ChichibaDin method. I n  
1951 Brown and P!urphey ( 2 3 )  showed t h a t  3-p ico l ine  may be a l k y l a t e d  
by t he  sodamide method. 

The Chichibabin method o f  a l k y l a t i n g  p i c o l i n e s  is of  genera l  ap- 
p l i c a b i l i t y ,  both t h e  lower a l k y l  h a l i d e s  a s  wel l  as long chained  ones 
may be used  (86) .  

on e i t h e r  of t he  a lpha  methyl groups or on to  t h e  methyl group i n  t h e  
4- p o s i t i o n .  Me found t h a t  t h e  sodamide method in t roduces  t h e  a l k y l  
onto t h e  l-methyl qroup ( 3 3 ) .  2,4-Lutidine is a l s o  a l k y l a t e d  a t  t h e  

S u b s t i t u t e d  p i c o l i n e s  may be a l k y l a t e d  ( 1 0 1 ) ( 8 ) ( 1 3 2 )  

2 ,4 ,6-Col l id ine  p r e s e n t s  an oppor tun i ty  of a t t a c h i n g  an  a lky l  group 
(26 ) .  

- -  . .  
4- p o s i t i o n  (951. 

Z i e o l e r  and Z e i s e r  (156) showed t h a t  Dhenvl-lithium r e a c t s  wi th  
2 - p i c o l i i e  t o  form 2-p ico ly l - l i t h ium which-may-be r eac t ed  w i t h  a lky l -  
h a l i d e s  to  a t t a c h  an  a l k y l  group onto t h e  2-methyl group. This r e -  
a c t i o n  has been a p p l i e d  to the p r e p a r a t i o n  of a number of 2-p ico ly l  
compounds. d i t h  2-bromopyridine t h e r e  is formed 2,2'-dipyriaylmethane 
(117) .  Ni th  ch lo roace ty l enes ,  2 -pyr idylace ty lenes  a r e  prepared  (56). 
1-( 2-?yri dyl)-4-chloro-3-pentene w a s  made from 1,3-dichlor0-3- butene 
(72). 2-Pyr iQlma lond in i t r i l e  w a s  made from N-methyl-N-cyanoaniline 

I n  c o n t r a s t  t o  t h e  ease  of i n t roduc ing  groups onto t h e  &-methyl 
group through t h e  i n t e r v e n t i o n  o f  sodamide, a t t empt s  t o  use the  lithium 
method have not been t o o s a t i s f a c t o r y  (117) .  The usua l  manner of maKing 
2 -p ico ly l - l i t h ium is to p r e p a r e  a s o l u t i o n  of phenyl l i t h i u m  and t h e n  
add  2-p ico l ine  t o  t h i s  s o l u t i o n .  I n  t h e  a l k y l a t i o n  of 4 -p ico l ine ,  
b e t t e r  r e s u l t s  a r e  o b t a i n e d  when the phenyl - l i th ium is added v e r y  sloWry 
t o  the  4-p ico l ine  (151 1. 

mainly a t  t h e  4- p o s i t i o n .  A lky la t ion  by the l i t h i u m  method g ives  
mainly 2,6-dialkyl-Lpmethylpyri  dine and a l e s se ranoun t  of 2 ,4 ,6 - t r f -  
a l k y l  pyr i di  ne (74) .  

A l k a l i  meta ls  a r e  u s e d  as c a t a l y s t s  i n  t h e  a l k y l a t i o n  of  2-pico- 
l i n e  and 4-p ico l ine  wi th  compounds con ta in ing  an e t h y l e n i c  double band. 
A mix tu re  of 2 -p ico l ine ,  sodium, and e thy lene  under 60 atms. pressure  
hea ted  t o  l2O-ljO" i v e s  a mixture  of 2-propylpyr id ine  (23%) and 2- 
(3-penty1)pyri  dine 7126)( 119) .  Under s i m i l a r  cond i t ions  2 -p ico l ine  
and butad iene  g i v e  2-(3-pentenyl )py r id ine  and 2-(5-nondienyl-2,7) 
py r id ine ;  s ty rene  and 2-pic0 1 ine  g i v e  l-pl1enyl-3-( 2-pyri dy l  )propane 
(150) .  A c r y l o n i t r i l e  r e a c t s  w i t h  2- and 4 -p ico l ines  i n  the  presence 
of  a b i t  o f  sodium to  g i v e  p y r i d y l - b u t y r o n i t r i l e s  and dicyanopyridjrl 
pentanes ( 3 2 ) ( 2 6 ) .  

P i co l ines  w i t h  methyl groups i n  the  2- or 4- p o s i t i o n  may be 
a l k y l a t e d  i n  t h e  vapor phase by r e a c t i o n  w i t h  a l i p h a t i c  aldehydes (4.0). 

Condensation. The r e a c t i o n  of p i c o l i n e s  w i t h  aldehydes may be 
cons ide red  a c l a s s i c  i n  t h e  pyr id ine  s e r i e s .  The methyl groups i n  
the 2- and the 4- p o s i t i o n  a r e  r e a c t i v e ,  whereas a methyl group i n  
the 3- p o s i t i o n  is  not .  

(6 1; 4-p ico l ine  g ives  4 -e thano lpyr id ine  (124) .  

(94). 

Alky la t ion  of 2 , 4 , 6 - c o l l i d i n e  by t h e  sodamide process proceeds 

2-Pico l ine  condenses wi th  formaldehyde t o  g ive  2-e thanolpyr id ine  

2 ,4 ,6-Col l id ine  p r e s e n t s  a s i t u a t i o n  wherein the  formaldehyde 
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must dec ide  whether i t  w i l l  r e a c t  w i t h  t h e  methyl group i n  the  4- 

p o s i t i o n  or wi th  one of  t h e  a lpha  methyl groups. In t h e  presence  of 
a l a r g e  excess- of 2 ,4 ,6-co l l  i dine, t h e  formaldehyde condenses almost 
e x c l u s i v e l y  wi th  a methyl group i n  t h e  2- p o s i t i o n ;  o n l y  a t r a c e  of 
the 4-e thanolpyr id ine  is formed (109) .  I n  t h e  presence o f  a l a r g e  
excess of formaldehyde, t h e  4-methyl group as we l l  a s  b o t h  a lpha  
methyl groups r e a c t  ( 9 6 ) ( 1 6 ) .  2,b-Lutldine a l s o  r e a c t s  w i th  formal- 
dehyde, p r e f e r e n t i a l l y  a t  t h e  2- p o s i t i o n  (1lU)(!+2). 

4-Ethylpyri di  ne has been condensed w i t h  formaldehyde (excess)  t o  
g ive  a mixture of dimethylol-b-ethylpyridine (65.5%) and of monomethyl- 
01-4-ethylpyri  d ine  (26.6%)(131). 

The i n t r o d u c t i o n  of t h e  -N-oxide group enhances t h e  a c t i v i t y  of 
p i c o l i n e s  towards condensa t ion  r e a c t i o n s .  Nef t h e r  2- nor 4 -p ico l ine  
w i l l  condense wi th  e t h y l  o x a l a t e ,  but  t h e i r  -N-oxides r e a d i l y  con- 
dense wi th  e thy l  o x a l a t e  t o  g i v e  t h e  corresponding pyruvates  ( 4 ) .  

S tud ie s  i n  our l a b o r a t o r y  show t h a t  the  presence of  a c h l o r i n e  i n  
the  2- p o s i t i o n  of 4 -p ico l ine  r e t a r d s  t h e  condensa t ion  a c t i v i t y  of t h e  
methyl group. 4-Bromo-2-pi c o l i n e  r e a c t e d  w i t h  formal deh de  t o  g ive  

To improve t h e  y i e l d  o f  2-(2-hydroxyethyl)-3-picoline, t h e  2- 
l i t h i o  d e r i v a t i v e  of 2 , j - l u t i  dine was r e a c t e d  wi th  paraformaldehyde. 
2-Picolyl--l i thium r e a c t s  smoothly to  g ive  2-e thanolpyr id ine  (54). 
2,6-Lutidine through i t s  2 - l i t h i o  d e r i v a t i v e  has been condensed wi th  
propionai dehyde t o  g ive  a good y i e l d  of  2-(2-hydroxybutyl>6-methyl- 
pyr id ine  (b8). 

2-Picol ine  and 4 -p ico l ine  r e a d i l y  condense w i t h  benzaldehyde and 
w i t h  s u b s t i t u t e d  benzaldehydes. With benzaldehyde, i t  is d i f f i c u l t  
t o  s t o p  t h e  r e a c t i o n  a t  the  e thanol  s t a g e  because of t h e  e a s e  w i t h  
which t h i s  a lk ine  dehydrates t o  s t i l b a z o l e .  If  i t  i s  d e s i r e d  t o  s t o p  
a t  the  a l k i n e  s t a g e ,  i t  is sugges ted  t h a t  t h e  p i c o l i n e  be condensed 
wi th  t h e  benzaldehyde i n  t h e  presence of water and t h a t  no  condensing 
agent  b e - u s e d  (138) .  The y i e l d  of  a l k i n e  i s  inc reased  by r e p l a c i n g  a 
hydrogen of tne methyl group of 2-p ico l ine  wi th  magnesium and conden- 
s i n g  t h e  r e s u l t i n g  2-p ico ly l  magnesium c h l o r i d e  w i t h  benzaldehyde (100). 

of a romat ic  aldehydes and 2 -p ico l ine  a n d  4 -p ico l ine .  I n  gene ra l ,  the  
r e a c t i o n  is c a r r i e d  out by r e f lux ing  a s o l u t i o n  of t h e  a romat i c  a lde-  
hyde, t he  p i co l ine ,  and a c e t i c  anhydride (138) (28) (bw) .  Y ie lds  above 
90% a r e  no t  uncommon (71). 

cannot be made a s  a r e  the  2- and 4 - s t i l b a z o l e s .  3 - J t i l b a z o l e  has been 
made by condensing 3-pyridyl a c e t i c  ac id  w i t h  benzaldehyde and t h e n  
decarboxylating the  r e s u l t i n g  beta-phenyl-alpha-3-pyridyl a c r y l i c  a c i d  
( 1 2 ) .  The methyl i od ide  qua te rna ry  o f  3-p ico l ine  condenses w i t h  benz- 
aldehyde i n  the  presence  o f  p i p e r i d i n e  t o  g ive  a small  y i e l d  of t he  
a l k i n e  (751. 

aenzal dehyde condenses with 2,4-1ut i d i  ne by adding a molecule of 
the  aldehyde t o  each  of the methyl groups t o  g ive  2 , 4 - d i s t y r y l p y r i d i n e  
( b o ) (  1 l U )  and a l s o  t o  g ive  2-styryl-4-methylpyridine (42). 2,6-Luti- 
d ine  condenses wi th  benzaldehyde t o  Give a mixture  o f  2-methyl-S- 
s t y r y l p y r i  dine and 2 ,b -d i s ty ry lpy r id ine  (7U) .  

The hydrogens o f  t h e  methyl groups i n  2- and 4 - p i c o l i n e  a r e  com- 
pa rab le  i n  r e a c t i v i t y  to those  of t h e  methyl ketones.  And, a s 'wou ld  
be expected, t h e  Mannich r e a c t i o n  a p p l i e s  to  t h e s e  compounds. 2-Pico- 
l i n e  condenses wi th  formaldehyde and d ie thylamine  t o  g ive  2- (be ta-  
d i e t h y l m i n o e t h y l ) r , y r i d i n e  ( 1 & ) .  

Formaldehyde i n  an  a l k a l i n e  medium r e a c t s  w i  t h  3-hydroxypyridine 
t o  y i e 1 d 2- hy d r  dxyme thy  1 - 3- hy d r oxy pyr i di ne ( 1 $6 ) ; 2- me t h y  1 -5 - hyd r o xy - 
pyr id ine  Gives 2-methyi-~-hydroxy-b-nydroxymethylpyridine, i n d i c a t i n g  
the  in f luence  of t h e  hydroxyl group is more dominant t h a n  t h a t  of t he  

on ly  a 9% y i e l d  of t h e  corresponaing e t h a n o l p y r i d i n e  (125 Y . 

St i lbazo l - e s  a r e  t h e  products  u s u a l l y  ob ta ined  by  t h e  condensa t ion  

S ince  3 -p ico l ine  does not  condense w i t h  aldehydes,  3 - s t i l b a z o l e  
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a lpha  methyl group (147) .  
dine i n  an a c i d  medium g i v e s  2-styryI-3-hydroxypyridine (75). 
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